The effects of purified red drum somatolactin on pigment movement in red drum scales were studied in vitro and in vivo. The integument became pale within 2 min following an intramuscular injection of somatolactin (1 nmol/g body weight) in fish held in a black-background aquarium, and gradually regained its black coloration during the subsequent 30 min. No melanosome aggregation was observed in fish injected with vehicle or somatolactin over the dose range of 10 29 210 2 pmol/g. Melanosomes in the melanophores of scales were completely aggregated within 10 min of incubation with 1 mM somatolactin in vitro. The effect of somatolactin on melanosome aggregation was dose-dependent. Somatolactin caused only partial aggregation at a concentration of 500 nM and 250 nM somatolactin had little or no effect. Somatolactin caused melanosome aggregation in both innervated and denervated melanophores. Aggregated melanosomes which had been preincubated with somatolactin dispersed within 30 min after rinsing with a physiological buffer. No melanosome aggregation was observed in scales incubated with 10 nM-1 mM of red drum prolactin (PRL), red drum growth hormone (GH), ovine PRL, or recombinant tuna GH. These results indicate that the action of somatolactin on melanosome movement is direct, specific, reversible, and is probably mediated by a specific somatolactin receptor on the melanophores. Melanin-concentrating hormone (MCH) and norepinephrine (NE) also induced melanosome aggregation in scales at a low concentration of 10 nM. Addition of 1 mM a-melanophore-stimulating hormone (a-MSH) following preincubation of scales with 1 mM somatolactin, 10 nM MCH, or 10 nM NE resulted in partial dispersion of the melanosomes. These results suggest that melanosome migration in red drum scales is under multiple hormonal control. Although a direct action of somatolactin on melanosome aggregation is demonstrated in this study, its physiological role in the regulation of this process remains unclear. r 1997 Academic
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Somatolactin has recently been isolated from the pituitaries of several teleost species (Rand-Weaver et al., 1991a,b; Zhu and Thomas, 1995) . We have demonstrated that circulating levels of somatolactin are elevated in two sciaenid fishes, red drum (Sciaenops ocellatus) and Atlantic croaker (Micropogonias undulatus), following transfer from a light-colored background to a dark-colored background (Zhu and Thomas, 1995) . Moreover, plasma somatolactin concentrations increase dramatically in red drum during exposure to a black background without illumination (Zhu and Thomas, 1996) . The integument becomes dark and the melanosomes in the melanophores of scales completely disperse in red drum kept in a black background, whereas the integument becomes pale and the melanosomes completely aggregate in red drum kept in a light background (Zhu and Thomas, 1996) . These results suggest that somatolactin plays a role in background adaptation and possibly regulates pigment movement in the chromatophores of sciaenid fishes.
Pigment dispersion and aggregation in the chromatophores of lower vertebrates, including teleosts, are under the control of multiple hormones and the autonomic nervous system (reviewed in Fujii 1993; Baker 1991) . Norepinephrine (NE) and melanin-concentrating hormone (MCH) generally cause melanin aggregation, whereas a-melanophore-stimulating-hormone (a-MSH) and adenosine triphosphate (ATP) cause melanin dispersion (Baker, 1991) . The relative importance of these various agents varies among teleost species (Baker, 1991) . For example, pigment movement in chromatophores in flounder is predominantly under neuronal control, whereas hormonal control of the chromatophores predominates in tilapia, carp, trout, and eel (Baker, 1991) . Prolactin, which is structurally related to somatolactin, has recently been shown to influence pigment migration in tilapia chromatophores (Kitta et al., 1993) . However, possible effects of somatolactin on chromatophores have not been reported for any teleost species.
In the present study, the effects of somatolactin on pigment migration in chromatophores were investigated in isolated scales of red drum utilizing an in vitro incubation system. Possible direct effects of somatolactin were examined in denervated chromatophores. The effects of prolactin (PRL), growth hormone (GH), a-MSH, MCH, and NE on pigment movement in red drum scales were also investigated. In addition, the effects of somatolactin and MCH on fish body coloration were examined in vivo.
MATERIALS AND METHODS

Preparation of Fish Scales and Physiological Saline
Fifteen to twenty scales were plucked from the area below the dorsal fin and above the lateral line from 18 juvenile red drum (0.5-1 kg). The fish had been maintained at 23-26°in 1670-liter light-background circular tanks (152 cm i.d. 3 75 cm). The scales were washed with red drum physiological saline and preincubated in buffer for at least 30 min before treatment with the various test substances. The composition of the physiological saline was based on the blood chemistry of red drum (Sulya et al., 1960; Holmes and Donaldson, 1969) and consisted of NaCl, 160 mM; KCl, 8.6 mM; CaCl 2 , 3.0 mM; MgCl 2 , 2.5 mM; NaHCO 3 , 10 mM; Na 2 HPO 4 , 1.3 mM; D-glucose 5.0 mM. Potassiumrich saline was prepared by partly replacing NaCl with KCl (41.4 mM). The osmolarity of the physiological saline was 340 mOs/Kg and the pH was adjusted to 7.8.
Denervation of Chromatophores
The melanosomes completely dispersed after rinsing with physiological saline. These melanosomes could be induced to aggregate when treated with the K 1 -rich saline for about 3 hr after removal, indicating that the melanophores in scales were innervated in vivo (Fujii, 1959) . Denervated chromatophores were obtained by the method of Iga and Takabatake (1982) . Three fish were given an intraperitoneal injection of 6-hydroxydopamine hydrobromide (6-OHDA) at a dose of 50 µg/g body weight 1 day before incubation. Denervation was confirmed by nonresponsiveness of the chromatophores to the K 1 -rich saline and by their pigment aggregation in response to NE.
Hormones
The following agents were examined for their possible influences on pigment movement: synthetic salmon MCH (The Salk Institute for Biological Studies, CA), (6)norepinephrine hydrochloride (Sigma, MO), synthetic a-MSH (Sigma), ovine PRL (NIDDK, AFP-10677C), and recombinant tuna GH (Maruha Co., Japan). Red drum PRL and GH were kindly provided by Dr. P. Swanson (Northwest Fisheries Science Center, National Marine Fisheries Service, Seattle, WA). Somatolactin was purified from red drum pituitaries as described previously (Zhu and Thomas, 1995) with an additional gel filtration HPLC purification step. This additional step was required to confirm the purity of the somatolactin (25 kDa) and the absence of contamination with small molecules such as MCH (2 kDa), a-MSH (1.7 kDa) or NE (169 Da). Red drum somatolactin was isolated from red drum pituitary extracts on a Sephadex G-100 (Sigma) gel filtration column (2.6 3 100 cm) and subsequently purified by reversed-phase HPLC (rpHPLC) using a Selectosil C18 column (5 µm, 4.6 3 250 mm, Phenomenex). The freshly purified somatolactin from rpHPLC was eluted on a HPLC gel filtration column (TSK-Gel G2000 SW XL , 7.8 3 300 mm, Tosohaas) with 45% acetonitrile containing 0.1% trifluoroacetic acid at a flow rate of 0.5 ml/min at room temperature (24-25°). During purification, the somatolactin fraction was identified by SDS-PAGE and Western blotting using a red drum somatolactin antibody which has been characterized previously (Zhu and Thomas, 1995) .
Incubation of Scales In Vitro
Red drum scales were transferred to a culture plate (24 well, Corning) containing 1 ml physiological saline following 30 min rinse with saline. NE, a-MSH, MCH, recombinant tuna GH, red drum GH, and red drum PRL were dissolved in Milli-Q water (reverse osmosis, deionization, ultrafiltration). Somatolactin and ovine PRL were dissolved in NaOH (25 mM ) and buffered by the addition of an equal volume of sodium phosphate (0.5 M, pH 7.5). The hormones were diluted in Milli-Q water and added in 10-µl aliquots to the wells containing 1 ml physiological saline to give a range of final concentrations from 1 pM-1 µM. The control scales received 10 µl Milli-Q water or an equal volume of the NaOH (25 mM) and sodium phosphate (0.5 M, pH 7.5) mixture. Chromatophore responses were examined under either a stereo microscope (SZH 10, Olympus) or an inverted microscope (IMT 2, Olympus) and photographed immediately. Melanophore responses were also recorded using a melanophore index (Hogben and Slome, 1931) in which one represents complete melanosome aggregation and five represents complete dispersion. The melanophore index was determined after termination of the 30-min incubation by washing the scales twice with Milli-Q water and adding 10%-buffered formalin. All incubations were conducted at room temperature. A similar experiment was conducted with red drum somatolactin using scales from adult spotted seatrout (Cynoscion nebulosus) which had kept in a light background tank for 2 weeks.
Effects of Hormones In Vivo
The effects of hormones on pigmentation in red drum weighing 10-20 g were investigated after an intramuscular injection of a 100-µl aliquot of somatolactin (10 29 , 10 27 , 10 25 , 10 23 , 10 21 , 10, 10 2 , 10 3 pmol/g body weight) or MCH (1, 10, 10 2 pmol/g body weight). Donor fish had been acclimated to either light-or black-background tanks for 1 week prior to the experiment. Control fish were injected with 100 µl Milli-Q water or an equal volume of the NaOH (25 mM ) and sodium phosphate (0.5 M, pH 7.5) mixture. After injection, the individuals were returned to their respective light-or black-background aquaria in which they had previously been acclimated for 10 min prior to assessment of changes in pigmentation.
RESULTS
Size exclusion HPLC revealed a single peak of somatolactin from rpHPLC with a retention time of 12.4 min (Fig. 1) . There was no evidence of any low molecular weight contaminants. The retention times for synthetic salmon MCH and a-MSH under the same chromatographic conditions were 16.75 and 17.5 min, respectively.
The melanosomes in the innervated red drum scales completely dispersed ( Fig. 2A) after incubation in   FIG. 1 . Gel filtration high-performance liquid chromatography (TSK-Gel G2000 SW XL , 7.8 3 300 mm, Tosohaas) of a red drum somatolactin (SL) fraction purified by gel filtration and reversedphase HPLC. Samples were eluted with 45% acetonitrile containing 0.1% trifluoroacetic acid at a flow rate of 0.5 ml/min at room temperature (24-25°). The elution positions of salmon melaninconcentrating hormone (sMCH) and a-melanophore-stimulating hormone (a-MSH) are shown.
physiological saline. The melanosomes were partially aggregated 5 min after the addition of 1 µM somatolactin ( Fig. 2B ) and had completely aggregated by 10 min (Fig. 2C ). Aggregated melanosomes which had been preincubated with somatolactin dispersed within 30 min following a rinse with physiological saline (Fig. 2D) . Incubation with 1 µM somatolactin also caused complete melanosome aggregation within 10 min in scales from three spotted seatrout donors (data not shown).
The effect of somatolactin on the melanosome aggregation was dose-dependent (Fig. 3) . Melanosomes in innervated scales partially aggregated within 30 min of incubation with somatolactin at a concentration of 500 nM (Fig. 3) . No aggregation of melanosomes was obvious in scales incubated with somatolactin at a concentration of 125 nM (Fig. 3) . Similar dose responses to somatolactin were observed in innervated scales from nine other fish and in denervated scales from three fish (data not shown).
The addition of 1 µM a-MSH into the incubation medium containing 1 µM somatolactin following preincubation of the melanophores with 1 µM somatolactin resulted in partial dispersion of the melanosomes in the denervated scales (Fig. 4) . No melanosome aggregation was observed in scales incubated with 10 nM-1 µM of red drum PRL, red drum GH, ovine PRL, or recombinant tuna GH (Table 1) .
The melanosomes were completely aggregated in innervated scales from six fish incubated with concentrations of MCH or NE ranging from 10 nM to 1 µM (results from 10 nM incubation shown in Figs. 5 and 6).
A similar response to MCH and NE was observed in scales from three fish with denervated scales (data not shown). No melanosome aggregation was observed in scales treated with concentrations of MCH or NE ranging from 0.01 to 0.1 nM (Figs. 5 and 6 ).
The melanosomes did not disperse after the addition of 10 nM-1 µM somatolactin into incubation medium containing 10 nM of MCH or norepinephrine following preincubation of scales with these hormones. In contrast, addition of 1 µM a-MSH following preincubation of scales with 10 nM of NE or MCH resulted in partial dispersion of melanosomes (data not shown).
The integument became pale within 2 min following an intramuscular injection (10 3 pmol somatolactin/g body weight) in two fish held in the black-background 
FIG. 7. (A)
Effects of an intramuscular injection of a 100-µl aliquot of somatolactin (250 µg) on body pigmentation in a red drum (10 g); (B) injected with vehicle. After injection, the fish were returned to the black-background aquaria in which they had previously been acclimated for 10 min prior to an assessment of changes in pigmentation. 
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Somatolactin Aggregates Melanosomes aquarium (Fig. 7A) , and gradually regained its black coloration during the subsequent 30 min. No melanosome aggregation was observed in fish injected with 100-µl aliquots of vehicle or somatolactin over the dose range of 10 29 -10 2 pmol/g (Fig. 7B) . In contrast, a low dose of MCH (10 pmol/g body weight) elicited fading 5-15 min after injection (data not shown). No melanosome dispersion was observed in fish held in the lightbackground tank after injection with somatolactin over a dose range of 10 29 -10 3 pmol/g (data not shown).
DISCUSSION
The present study shows that somatolactin elicits melanosome aggregation in red drum scales both in vitro and in vivo. Somatolactin causes melanosome aggregation in both innervated and denervated melanophores in vitro. Moreover, pigment aggregation in red drum melanophores after somatolactin treatment is both time-and dose-dependent. This action of purified somatolactin is not due to contamination with other melanin-aggregating hormones such as MCH and NE because they are efficiently separated from somatolactin in the purification procedure. Moreover, the amino acid sequences of MCH and somatolactin are dissimilar. Therefore, we conclude from these in vitro experiments that somatolactin can exert a direct action on melanophores in red drum scale which is probably mediated by a specific somatolactin receptor.
Earlier histophysiological studies of the pars intermedia periodic acid-Schiff (PIPAS) cells, which correspond to somatolactin cells, suggested that PIPAS cells are involved in color changes in tilapia (Sarotherodon mossambicus) (van Eys, 1980) and green sailfin mollies (Poecilia latipinna) (Ball and Batten, 1981) . Interestingly, a structurally related hormone, prolactin, is involved in the control of pigment movement in a marine goby (Gillichthys mirabilis) (Sage, 1970) and in tilapia (Oreochromis niloticus) (Kitta et al., 1993) . It has been suggested that prolactin causes melanosome aggregation in the melanophores of tilipia by stimulating norepinephrine release at the nerve terminals because denervated melanophores of this species do not respond to prolactin. In the present study, no melanosome aggregation was observed after incubation of scales with red drum PRL. In contrast, somatolactin induced melanosome aggregation in both innervated and denervated melanophores. Kitta and coworkers have shown that prolactin causes a dose-dependent dispersion of xanthosomes in both innervated and denervated xanthophores in tilipia scales and suggested that PRL acts through a specific receptor on the xanthophores (Kitta et al., 1993) . Although ovine PRL caused a minor degree of xanthosome dispersion in red drum scales, no xanthosome pigment movement was observed after incubation with red drum PRL, GH, and somatolactin. However, these results need to be confirmed because changes in xanthophore cells are difficult to detect due to their small size.
The somatolactin concentration (1 µM) which caused melanosome aggregation within a short time period (10 min) in vitro was much higher than somatolactin concentrations (20-400 pM) typically found in red drum plasma (Zhu and Thomas, 1996) . The relatively high hormone concentrations required to elicit a response in vitro could be due to limited diffusion of the large somatolactin molecules through the epidermis and into the dermis of the scales to affect the melanophores. It has been shown that the melanophores of many scales do not respond to prolactin, and that the initiation of the melanosome aggregation takes more than 20 min in some melanophores in tilapia (Kitta et al., 1993) . We observed that longer incubation times (.15 min) were required to initiate melanosome aggregation when the scales were incubated with a lower somatolactin concentration (500 nM). In addition, the response of melanophores located on the edges of the scales was faster than that of melanophores located in the middle of the scales (.20 min at 500 nM). This may reflect a faster hormone diffusion rate at the edges of the scales due to thinner epidermal layer.
The finding that melanosome aggregation was also induced by MCH and NE in the present study indicates that chromatophore movement is under the control of multiple hormones and the autonomic nervous system in sciaenid fish. Although MCH showed high potency in inducing melanosome aggregation both in vivo and in vitro, we cannot determine the relative importance of somatolactin versus MCH in melanosome aggregation at present because no information is available on plasma MCH levels in this species. Plasma MCH levels have only been reported in a single teleost species, rainbow trout (Kishida et al., 1989; Baker, 1993) . Maximum plasma MCH concentrations of 50 pM were reported for rainbow trout, although this concentration was insufficient to induce melanin concentration in this species (Baker, 1993) . One possibility is that MCH acts in concert with NE and somatolactin under certain circumstances to influence chromatophore function. Additional studies will be required to understand the relationships among MCH, somatolactin, and the autonomic nervous system in the control of pigment movement.
The observation that a high concentration of somatolactin in vitro causes melanosome aggregation in red drum scales appears to be inconsistent with the in vivo results obtained previously (Zhu and Thomas, 1996) which show that plasma somatolactin levels are higher in red drum kept in a black background (dispersed melanosomes) than in those kept in a light background (aggregated melanosomes). However, the in vitro incubation system is not suitable for detecting melanosome dispersion because dispersion occurs even when the scales are incubated in media without hormones. Therefore, it is possible that somatolactin causes other effects including melanosome dispersion in innervated scales in vivo in the presence of other hormones. The present results clearly demonstrate a direct action of somatolactin on melanophores. The action is timedependent, dose-dependent, and reversible. These findings suggest that the chromatophores are a very likely site of somatolactin action and they probably possesses somatolactin receptors. This possibility will be investigated in future studies with red drum somatolactin.
